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com non.„, H f^^PO'V^er containing S to 99 mole% of recurring units derived from said alphswlefin 
oornponent having 3 to 20 carbon atoms and 1 to 95 mole% of reourring units derived from said cyclo- 
oienn component, and 

♦ M , ( ' 0 SSid copo,ymer havln 9 an intTinsic viscosity [,], measured in decalin at 135 »C. of from 0 01 
11 9 J ,m ^ ° 9finlC : rand ° m c °P° ivmer imposed of (A) an olefin component having 3 to 20 carbon 
atoms and (B) a cyclic polyene component and as required, (C) a cyclo-olefin component, 

co™lT^lT^T*°t 9 5 t0 " m ° l0% * r9CUrrin9 un,ts d^ved' from said alpha-oiefin 
component (A) having 3 to 20 carbon atoms and 1 to 95 mole% of recurring units derived from said cyclic 
polyene component (B) and 0 to 90 mole% of recurring units derived from slid cyclo-olefin component 

<ii) said copolymer having an intrinsic viscosity [,], measured in decaJIn at 135 °C, of from 0 01 to 10 

Zt^r wh>K S ^ P -° dUCti0n , there ° f ' MS ° Pr0Vid8d 18 a process for P roducl "9 a cydc-olefinic random 
formed C ° mPnSeS COpolymerizin 9 an ai P^-olefin and a cyclo-olefin in the presence of a catalyst 
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(A) a compound of a transition metal of Group IVB of the periodic table having as a ligand a multi- 
dentate coordination compound in which at least two conjugated cycioaikadienyl groups or substituted 
products thereof are bonded via a lower alkylene group, and 

(B) an aluminoxane. 
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CYCLO»OLEFINlC RANDOM COPOLYMER. OLEFINIC RANDOM rnpn, v„c P| ^ rfm 
PJJCJNG CYCLO-OLEFINIC RANDOM COPOLYMERS 

BACKGROUND OF THE INVENTION 
1 . Fieid of the Invention 

for te obtot 0 »^ ae$ ,0 a , n ° Ve ' c y cl<H " eflnic ra " dom copolymer. More specifically, the invention has 
2&^£taZZ£? ^vc^lefinio random copolymer having excelient transparency. therm* 
9 r95,sta " ce ' chem,cal distance, solvent resistance, dielectric properties and mechanical 
, ™ s n^n« T W T" e ° Ular Wei9M " Mbuim and 8 n8rr0w compoeraon distribution. 

its oMect the oZS T r/," 0 " 61 °' efiniC ra " d0m COP ° lymer - Mo ' 9 "P**-*. *e invention has for 
£ 71 T ° >aMc ra " d0m e °P° | V™' containing a carbon-carbon unsaturated bond* rts 
side Cham which has excellent transparency, thermal stability, heat aging resistance chemical resisted! 
so^em res-stance, dialectic properties and mechanic*! properties £&JZ2£Z t£S 
hen and a narrow composition distribution. 9 msmDU 

' cooolvlS'TJT 6 ', r ela,0$ to 8 pr0Cess ,or producing 8 Wlootrtnle'mndom copolymer by 
eopolymertong an alpha-olefm and a oyclo-olefin in the preeence of a highly active polymerization catelvst 
» e . inv9ntfo " r8l » 98 *> 8 P^ess for producing a cycloJeX 

S1T P T J 8,1 8lBha -° te ' in and a cye,(K>l8fln ln 1119 Preeence of a eataw ^ZZ a 
specific transition metal compound and an aluminoxane. y ccmpnsing a 

2. Desaiptlon of the Prior Art 

Known processes for producing cyclo-olefinic copolymers by copolymerlaina aloha-olefins sur* „< 
Ld y ri 8nd , CyC '°" 0l9finS inV0 ' VB th9 US9 " ceWyS'oompris^ fSES^XS 

than"an aTo^rZff °h T, ^ 3 tltara ' um - co " tai " i "9 "talyst. a cyclo-olefin has lower reactivity 
88 V ^ 8nd ** "P 01 *™ 9 ^ 9 «ciency is low. In order, thereto" to 
«^>ct production of a copolymer of the cyclo^lefin with the alpha-olelin. it is necessa™ to idd the cvdr? 
Z£Z I T ^ * t0 P 0 '*™ 9 ^™ «*n- me presence of a large guanti^of the cycto-d* 

2Jr7£S "f 1 * may r8SUlt " 8 decreass in * 9 m ~ weTght o? me rlsuS 
2*2?'JL 8dilficult « ,eref0re <» obtain a hlgh-molecular-welght copolymer. Moreover, this process has 

* fSll^r^rK 8 "^ K ? rtng -° P8nin9 P°'^a«on oTthe oyclo^Mn te^d toTur S 
Catalysts compris.ng transition metal compounds and aiuminoxanes are proposed as htahlv artfv* 

N0S - ,9309/ ' 983 ' ^^^^^-^E£E 

ZrTTo hT 8 T aPP ' ied to ^ c * ol »™*-" of ethylene with other alphe-oleflns C 

m£t&£%EZ "l"*"*** copolymers, Japanese Lato-Open Patent Publication No 

221208/1986 discloses a catalyst comprising a transition metal compound and an aluminoxane with reoard 

IZl^Zt 8 <:0p0lym9, °* m 8lph8 -° le,ln "* 8 <*do-ole«n. TOs^TZTX 
polymenzation achvity, and Is difficult of giving the copolymer in good yields 

venadium^omolL^H "V*" 9 zi8 9' 9M VP 9 catalysts comprising a combination of titanium or 
vanadium compounds and organoaluminum compounds, binary copolymers of ethylene with evdMuT, Z 
ternary copolymers of e*y,ene. alpha-oleflns such as propyl 0 ! I-Z^e %T£EZ£tt£l£ 
^Z': n09x8m P' 9 h8s b99 " "now" I" which an alpha-olefin having 3 ttlo»Z«^ 

Polycarbonate. poly(methyl methacrylate) and polyethylene terephthalate have been known as synthetic 
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resins having excellent transparency. For example, polycarbonate is a resin having excellent thermal 
stability, heat aging resistance and impact strength in addition to excellent transparency, but have the 
disadvantage of being inferior in chemical resistance and susceptible to attack by strong alkalies. Poly- 
(methy! meihacrylate) is susceptible to attack by ethyi acetate, acetone and toluene, is swollen in ether and 
has low thermal stability. Polyethylene terephthalate has excellent thermal stability and mechanical prop- 
erties, but is susceptible to attack by strong acids or alkalies and liable to undergo hydrolysis. 

Many poiyolefins widely used as general-purpose resins have excellent chemical resistance, solvent 
resistance and mechanical properties, but poor thermal stability. Moreover, they have poor transparency 
because of their crystalline nature. Generally, the transparency of poiyolefins is improved by adding a 
nucleating agent and thereby finely dividing their crystalline structure, or by quenching them to stop growth 
of crystals. The effects of such techniques, however, have not proved to be entirely satisfactory. Rather, the 
addition of a third component such as a nucleating agent is likely to reduce the inherent excellent properties 
of the poiyolefins. The quenching method requires a large-sized apparatus, and with a reduction in 
crystallinity, the poiyolefins are likely to be degraded in thermal stability and rigidity. 

With regard to the copolymerization of ethylene with bulky comonomers, U. S. Patent No. 2,883,372, tor 
example, discloses a copolymer of ethylene and 2,3-dlhydrodlcyclopentadiene. This cpolymer has' an 
excellent balance between rigidity and transparency, but poor thermal stability because its glass transition 
temperature is about 100 °C. A copolymer of ethylene and 5-ethylidene-2-norbornene has similar defects. 

Japanese Patent Publication No. 14910/1971 proposes a homopolymer of 1,4,5,8-dimethano- 
l.2.3,4,4a,5,8,8a-octahydro-naphthalene. This poiymer, however, has poor thermal stability and heat aginq 
resistance. 

Japanese Uid-Open Patent Publication No. 127728/1983 proposes a homopolymer of 1,4,5,8- 
dimethano-1 l 2,3,4,4a,5,8,8a-octahydronaphthalene or a copolymer of the above cyclo-olefln and a 
norbornene-type comonomer. It is clear from this patent document that these copolymers are ring-opened 
polymers. These ring-opened polymers have poor thermal stability and heat aging resistance because they 
contain an unsaturated bond in the main polymer chain. 

Japanese Laid-Open Patent Publications Nos. 168708/1985, 98780/1986, 115912/1986, 115916/1986, 
120816/1986, 95906/1986 and 95905/1986 disclose that olefinic random copolymers of ethylene and 
specific bulky cyclo-olefins have a good balance in thermal stability, heat aging resistance, chemical 
resistance, solvent resistance, dielectric properties and mechanical properties while having transparency, 
and exhibit excellent performance in the field of optical materials such as optical memory discs and optica! 
fibers. These copolymers contain ethylene copolymerized therein, and in order to impart good thermal 
stability, a large amount of a cyclo-olefin must be copolymerized. Reaction of such copolymers with maleic 
anhydride or the like to impart polar property to these copolymers usually requires the use of peroxides. 
This causes cleavagB of the main chain and results in a reduction in molecular weight. It is desired 
therefore to provide olefinic random copolymers which in spite of a low cyclo-oiefin content, have excellent 
thermal stability and can be modified without using peroxides. 



SUMMARY OF THE INVENTION 

It is an object of this invention to provide a novel cyclo-olefinic random copolymer which has excellent 
transparency, thermal stability, heat aging resistance, chemical resistance, solvent resistance, dielectric 
properties and mechanical properties and a narrow molecular weight distribution and a narrow composition 
distribution and which possesses excellent thermal stability even when its cyclo-olefin content is small. 

Another object of this invention is to provide a novel olefinic random copolymer which has excellent 
transparency, thermal stability, heat aging resistance, chemical resistance, solvent resistance, dielectric 
properties and mechanical properties and a narrow molecular weight distribution and a narrow composition 
distribution, possesses excellent thermal stability even when its cyclo-olefin content is small, and which has 
a carbon-carbon unsaturated bond capable of reacting with maleic anhydride or the like in its side chain, 
and which can be modified easily according to various purposes. 

Still another object of this invention is to provide a process for producing a cyclo-olefinic copolymer 
having a narrow molecular weight distribution with excellent polymerization activity and a high 
copolymerization efficiency of the cyclo-olefin. 

The above objects are achieved in accordance with this invention by a cyclo-olefinic random copolymer 
composed of an alpha-olefin component having 3 to 20 carbon atoms and a cyclo-olefin component, 
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(i) said copolymer containing 5 to 99 mole% of recurring units derived from sain Ainh^r 

5 dl/g. <B> $aid COp0 ' ymer havln 9 30 imrtnsic v 'sc°s«y M, measured in decalin at 135 'C. of from 0.01 to 10 
coa^TmTjZ a ' S ° aCWeV9d . in aceord,nce «* h «• im ™«°" ^ « oleflnro random copolymer 

.ASSESS? 3 to 20 — — - < B) 8 **~ ™ 

(i) said copolymer containing 5 to 89 mole% of recurring units derived from «iH a jnh fl w*«„ 

^ (ii) said copolymer having an intrinsic viscosity W measured in decalin at 135 of from 0.01 to 10 

5 cv^lf 0 * 9 °?" 9CtS ^ a ' S0 aChl9Ved in accordance *™ invention by a process for producina a 
~ 7. S^S^^ C ° mPriS9S 30 a,ph - efln « * cyc,^ ini: 

(A) a compound of a transition metal of Group IVB of the periodic table havina as a lioand a *,„.« 

(B) an aluminoxane. 

DEJAjLEO DESCRIPTION OF THE PREFERRED EMBODIMENTS 

exoetent P t Zn.i r ' Vem0 ^ ^ inveai 9 attans for a "°vel cyclo-olefinic random copolymer which has 

?anSf' r ^ 

rhe'cv^^T™"' haV ' n8 3 '° 20 C " b ° n atoms md a <**<*•" component " ' 
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CIV J 



rvi 



rvr] 



in the formulae, a, b, c, d, and Ri to R* are as defined above. 

2,3-d,chloro-1 4,5 Mmethano-1 .2.3,4,4a.5,8.8a^otahy<ironaphthaleno 
2-n.butyMA5,8.d,methan 0 .1Z3.4,4a,5.8.8a^ctahydronaphthal 9 n e .a^d 



7 



0 283 164 



2-isobutyl-1 ,4,5,8-dimethano-1 ,2,3,4,4a,5,8,8a-octahydronaphthalene, and; 
the compounds described in Table 1 below. 
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Table 1 



5 


Chemical fornula 


Chemical name 


10 


1 

m 

4 


bicyclo 12,2 ,13hept-2-ene 


15 




6-methylbxcyclo 12 ,2 ,11 -hept- 
2-ene 


20 




5 ,6-dimethylbicyclo 12,2 ,11 - 
hept-2-ene 


25 




1- nethylbicyclo [2,2,13 -hept- 

2- ene 


30 




6-ethylbicyclo 12 ,2 ,11 -hepfc- 
2-ene 


35 




5-n-butylbicyclo 12 ,2 ,11 -hepfc- 
2-ene 






6-i-butylbicyclo [2 ,2 ,11 -hept- 
2-ene 


40 
4S 


<\ 


7-methylbicyclo {2,2,11 -bept- 
2-ene 


50 


CEL^ 


5 , 1 0-dimethyltet racyclo- 
t4,4 r 0,l 2 ' 5 r l 7 > 10 ]-3-dodecene 



- to be continued - 
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Table 1 (continued) 



Chemical formula 


Chemical nane 


®& 


2,10-dimsthyltetracyclo- 
£4,4,0A 2 ' 5 rl 7/1O 3-3^oaecene 






11 f 12-dimethyltetracyclo- 

t4,4,0,l 2 ' 5 ,l 7 ' 10 J-3- 

dodecene 




2,7 /9-trimethyltetracyclo- 
C4,4,0,l 2 ' 5 rl 7 ' 10 3-3-cloaecene 




9-ethyl-2 ,7-diraethyltetra- 

cyclo[4,4,0A 2 ' 5 rl 7rl0 3-3- 
dodecene 






9-isobutyl-2 f 7-dimethyltetra- 

cyclo£4,4,0,l 2 ' 5 ,l 7 ' 10 J-3- 

dodecene 


[1 ri 




9 rll,12-traitethyltetcacyclo- 
C4 f 4 / 0 / l 2/5 ,l 7 ' 10 ]-3^odecene 




3^ 


9-ethyl-U ,12-diirethyltetra- 

cyclot4,4,0,l 2 ' 5 ,l 7 ' 10 I-3- 

dodecene 



- to be continued - 
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Sable 1 (continued) 



Chemical formula 


Chemical name 






9-isobutyl-H ,12><3imathyl-^- 

tetracycloC4 r 4 f 0 f l 2f5 rl 7 ' 10 l- 
3-dodecene 




5 ,8 ,9 rlO-tetramethyltetra- 

cyclo C4,4 ,G,1 2 ' 5 ,l 7 ' 10 l-3- 
dodecene 


3 -> 1 ia 13 


Aexac^oW^,!,! 3 ' 6 ,! 10 ' 13 , 
0 2 ' 7 ,0 9 ' l4 3^hepfcadecene 


COOT- 


12-raethylhexacyclo 16,6,1, 
hepfcadecene 






12-ethylhexacyclo [6,6,1* 

13^10,13^2,7^9,14,^ 

hepfcadecene 




12-isobutylhexacyclo £6,6,1, 

l3,6 rl 10,13 #0 2,7 #(J 9A4j^ 

hepfcadecene 


?5 




l,6,10-tu±nefchyl-12-isobutyl- 

hexacyclo[6,6 f l,l 3 ' 6 r l 10 ' 13 , 

0 2 ' 7 ,0 9 ' 14 a-4^epfcadecene 



- to be continued - 
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Table 1 (continued) 



Chemical formula 


Chemical name 


a 


a 


a 


0 




octacyclo-C8,8,l 2,9 ,l 4 ' 7 , 
1 U,18 fl 13,16 >0r0 3,8 <0 12,17j_ 

5-dococene 


0 








15-rethyloctacyclo-C8,8,l 2 ' 9 , 
0 I2 ' 17 3-5^ococene 




a 




15-€thyloctacyclo-[8,8,l 2 ' 9 f 

i^V 1 ' 1 ^' 1 ^ 3 ' 8 , 

0 i2 ' 17 ]-5^ccocene 



Specific examples of the cyclo-olefins of general formula [II] are compounds shown in Table 2 below. 
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Table 2 



Chemical formula 


Chemical name 


r 6 T 


tricycle- [4 ,3 ,0 ,1 2 ' 5 ] -3-decene 




2- nethyltricyclo [4,3 ,0 ,I 2 ' 5 ]- 

3- decene 


CH3 


5-nethyltricyclo [4,3 , 0,1 2 ' 5 ]- 
3-decene 


5 6 ? 


tricyclol4 r 4,0 f l 2 ' 5 ]-3-^ecene 


CH^ 

CO 


10-nethyltricyclo- 
[4,4,0 ,l 2 ' 5 J-3-<3ecene 




1 ,3-dimethylpentacyclo- 

f6,6,l,l 3 ' 6 ,0 2 ' 7 ,0 9 ' 14 3- 
4-hexadecene 




1 , 6-dijnethylpentacyclo- 

t6,6,l,l 3 ' 6 ,0 2 ' 7 ,0 9 ' 14 l-4- 
hexadecene 



- to be continued - 



13 



0 283 1 64 



Table 2 (continued) 



Chemical formula 


Chemical name 
















15 ,16-dinethylpentacydo- 

16 .6 .1 ,1 3 ' 6 -O 2 ' 7 .0 9 f14 ]- 
4-hexadecene 


3 « 1 




pentacyclo 16 ,5 ,1 ,1 3 ' 6 ,0 2 f7 , 
0 9 ,13 ] -4-pentadecene 


fa ft 


1,3-dimsthylpentacyclo- 

I6,5,1,1 3 ' 6 #0 2 ' 7 ,0 9 ' I3 1- 
4-pentadecene 


9 

ft 




1/6-dimethylpentacyclo- 

K,5,l,l 3 ' 6 r0 2 ' 7 ,0 9 ' 13 l-4- 

pentadecene 


1 






c 


-CHg 




i 


14 rlS-dimetylpentacyclo- 

[6#5#l.l 3f6 #0 2r7 .0 9rl3 ]-4- 
pentadecene 


3 2 1 
6 7 8 


13 
9 10 


pentacyclo£6,6,l,l 3 '- 6 ,0 2 ' 7 , 
0 9,14 ]-4-hexadecene 


5 
6 


4 3 2 
7 B 9 


10^ 


heptacyclo[8,7,l,l 2,9 ,l 4 ' 7 , 
eicosene 



- to be continued - 
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Table 2 (continued) 



Chemical formula 


Chemical name 




pentacyclo!8,8,l 2 ' 9 ,! 4 ' 7 , 
5-heneicosene 

~ ! . 



mote%, of recurring ZmZ^ll , ? V 5 t0 85 m0l9% ' P™**"^ '0 to 70 

3.5, especially preferably not more than 3 * °' ^ *' preferably not more *™ 

240^ X^yt^T™™ 01 ^ inVeml0n haS a 9,ass (T 9 ) of 10 to 

hydrogenated groups EX P " ° '"^ 9r ° Up8 ' Substituted ind ^' «Wa. or two partially 
Specific examples of the above zirconium compound include 
etnylenebis(indenyl)2irconium dichioride, 
ethyienebis{indenyl)zirconium monochloride monohydride 
ethylenebis(indenyl)ethoxyzircomum chloride 

ethylenebis(4 I 5,6,7-tetrahydro-1-indenyl}ethoxyzirconlum chloride, 
ethylenebis(indenyl)dimethylzirconium, 
ethy(enebls(indenyl)diethylzirconium f 
ethy!enebis(indenyl)diphenylzfrconJum. 
ethylenebis(indenyl)dibenzyIzirconium, . 
ethylenebis(indenyl)methylzirconium monobromide 
ethylenebis(indenyl)ethylzirconium monochloride 
ethylenebis(indenyl)b8nzylzirconlum monochloride 
ethylenebis(indenyI)methylzirconlum monochloride 
ethylenebis(indenyl)zirconium dichioride, 
ethylenebis(indenyl)zirconium dibromide. 



15 
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ethylenebist^S.e^-tetrahydro-l-indenylhdlmethylzirconium, 

ethylenebis(4,5,6,7-tetrahydro-1-indenyi)-2ircon ! um ^chloride, 
Gthylenebis(4,5 I 6,7-tetrahydro-1-indenyl).zircon,um d.bromide. 
e mylenebls(4-memyM-indenyl)zirconium dichlonde, 
ethy lenebis(5-methyM -,ndenyl)zir<»niurn dich onde, 
ethylenebi S (6-methy!-1-indenyl)zirconium dich onde, 
ethyien 8 bis(7-methyl-1 -indeny1)zircon.um dichlonde 
ethylen8bis(5-methoxy.l-indenyl)zirconiumdichlor^ 
e thyleneWs(2,3.dimethyM-indeny!)zircon ! um d.ch o do, 
ethylenebis{4,7-dim e thyl-1-indenyl)zircon lU m d.chlo ride 
ethylenebist^-dimethoxy-i-indenyDzircomum dichlonde, 
ethylenebis(indenyl)zirconium dimethoxids. 
ethyienebis(indenyi)zirconium diethoxide, 
ethylenebis(indenyl)methoxyzirconium chlonde, 
ethytenebis(indenyl)ethoxyzlrconium chloride. 
ethylenebis(indenyl)methy!zirconium ethox.de, . 
ethylenebis(4,5,6,7-tetr a hydro-l-indenyl)-z I rcon 1 um d fnethox.de, 

fthCebis4,5^ 

methylenebis(indenyl)zirconium dichlonde. 

methylenebis{indenyl)dimethylzirconium. H;f . h , ftride 
methylenebi S <4,5,6.™ 
propylenebis(indenyi)zirconium dichlonde. 

propyienebis(indenyl)dimethy! 2 irconium. and ...... 

^enebl^ej-tetrahydr^ exampte> 3, organoa luminum 

The aiuminoxane used as component (b) of the c*W* may 
compound represented by the following general formula [VII] or [VIH] 

R 2 A1-H0-A1^0-A1R 2 [VII] 



TSwSwwsja- 

■in* 

«id« hydrocarbon group, In this oase. - a^noxane prefera* has at ,eas, an oxymethy, 
aluminum unit 

-40A1*- 
CH 3 

inaproportonotatieastaomoie*,^ 

(1) A Walkyl aluminum or a mixture of at leas t two t na ky ' crystallization, suoh 

cerous chloride hydrate in a hydrocarbon medium. 
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(2) Water is caused to act directly upon a trialkyl aluminum or a mixture of at least two trlalkyl 
aluminums in a medium such as benzene, toluene, ethyl ether or tetrahydrofuran. 

The method {1) is preferred. The aluminoxane may permissibly contain small amounts of organometallic 
components. 

s The catalyst ingredient (A) or catalyst ingredient (A) and (B) may be used as supported on a carrier. 
The carrier may be. for example, an inorganic compound such as silica or alumina, or en organic polymeric 
compound such as polyethylene or polypropylene. 

It has been found in accordance with this invention that by copolymerizing the C 3 -C» aipha-oiefin with 
the cyclo-olefin in specific proportions using the above catalyst system, a copolymer having properties not 

to hitherto proposed can be obtained. This copolymerization may be carried out in a liquid phase or in a vapor 
phase, preferably in the liquid phase. Copolymerization in the liquid phase Is usually carried out in a 
hydrocarbon medium. Examples of the hydrocarbon medium are aliphatic hydrocarbons such as butane, 
isobutane, pentane, hexane, octane, decane, dodecane, hexadecane and octadecane, alicyclic hydrocar- 
bons such as cyclopentane, methylcyclopentane, cyclohexane and cyclcoctane, aromatic hydrocarbons 

15 such as benzene, toluene and xylene, and petroleum fractions such as gasoline, kerosene and light oil. The 
starting olefin may also be used as the hydrocarbon medium. The aromatic hydrocarbons are especially 
preferred as the hydrocarbon medium. 

The temperature in the polymerization reaction in the process of this invention is usually -50 to 230 9 C, 
preferably -30 to 200 *C. 

20 The proportion of the zirconium compound used in carrying out the process of this invention In the 
liquid phase is usually 10*"* to 10~ 2 gram-atom/!,, preferably 10~ 7 to 10~ 3 gram-atom/ J. , as the concentra- 
tion of the zirconium atom in the polymerization reaction system. The proportion of the aluminoxane is 
usually 10 -4 to 10~ granvatom/t, preferably 10 3 to 5 x 10~ 2 gram-atom/t, as the concentration of the 
aluminum atom in the polymerization reaction system. The ratio of the aluminum atom to the transition 

25 metal atom in the polymerization system is usually from 4 to 10 7 , preferably from 10 to 10*. The molecular 
weight of the copolymer can be adjusted by using hydrogen, and/or adjusting the polymerization tempera- 
ture. 

The present inventors also made investigations for a novel olefinic random copolymer which has 
excellent transparency, thermal stability, heat aging resistance, chemical resistance, solvent resistance, 

20 dielectric properties and mechanical properties and a narrow molecular weight distribution and a narrow 
composition distribution, possesses excellent thermal stability even when its cycio-olefin content Is smaii, 
and which has a carbon-carbon unsaturated bond capable of reacting with maleic anhydride or the like in its 
side chain and can be modified easily according to various purposes. These investigations have led to the 
discovery that a novel olefinic random copolymer can be obtained by copolymerizing an alpha-olefin having 

35 3 to 20 carbon atoms and a cyclic polyene and as required, a cycio-olefin in the presence of a catalyst 
formed from a zirconium catalyst and an aluminoxane under specific conditions. 

Thus, according to another aspect of this invention there Is provided an olefinic random copolymer 
composed of (A) an olefin component having 3 to 20 carbn atoms and (B) a cyclic polyene component and 
as required, (C) a cyclo-olefin component, 

40 (i) said copolymer containing 5 to 99 mo!e% of recurring unfts derived from said alpha-olefin 

component (A) having 3 to 20 carbon atoms and 1 to 95 mole% of recurring units derived from said cyclic 
polyene component (B) and 0 to 90 mole% of recurring units derived from said cycio-olefin component (C), 
and 

(ii) said copolyemr having an intrinsic viscotiy fo], measured in decaiin at 135'C, of from 0.01 to 10 

« dl/g. 

The olefinic random copolymer in this embodiment is composed of (A) an alpha-olefin component 
having 3 to 20 carbon atoms and (B) a cyclic polyene and as required, (C) a cyclc-olefin component The 
cyclo-olefin component (C) is the same cyclo-olefin component of general formula [I], [II] or [III] given 
hereinabove. As in tie aforesaid cyclo-olefinic random copolymer, the cyclo-olefin component forms the 
so structure represented by general formula [IVJ, [V] or [VI] given hereinabove. 

Specific examples of the alpha-olefin used as a starting materia! in the production of the olefinic random 
copolymer of this invention may be those given hereinabove. 

Specific examples of the cyclic polyene (B) used as a starting material in the production of the olefinic 
random copolymer of this invention are 1 ,3-cyclopentadiene, 1,3-cyclohexadiene, 5-ethyl-1 ,3-cyclohex- 
55 adiene, 1 ,3-cycloheptadiene, 1 ,3-cycloheptadiene, dicyclopentadiene, dlcyclohexadiene, 5-ethy1idene-2-nor- 
bomene, 5-methylene-2-norbornene, 5-vinyl-2-norbomene, 5-isopropylidene-2-norbornene, methylhydroin- 
dene, 2,3-diisopropylidene-5-norbornene, 2-ethyiidene-3-isopropylidene-5-norbornene, and 2-propeny 1-2,5- 
norbomadiene. 
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The olefinic random copolymer of this invention contains 5 to 99 mole%, preferably 15 to 95 mole%, 
especially preferably 30 to 90 mole%, of recurring units derived from the alpha-olefin component (A), 1 to 
95 mole%, preferably 5 to 85 mole%, especially preferably 10 to 70 mole%, of recurring units derived from 
the cyclo-olefin component (B), and 0 to 90 moie%, preferably 2 to 80 moie%, especially preferably 5 to 70 
s mole% of recurring units derived from the cyclo-olefin component (C). These recurring units derived from 
the components (A), (B) and (C) are arranged at random to form a substantially linear olefinic random 
copolymer. That the olefinic random copolymer of this invention is substantially linear and has no gelled 
crosslinked structure can be ascertained from the fact that the copolymer compietly dissolves in decalin at 
135 *C 

10 The intrinsic viscosity fo], measured in decaiin at 135 «C, of the olefinic random copolymer of this 
invention is 0.01 to 10 dl/g, preferably 0.05to 7 dl/g, especially preferably 0.1 to 5 dl/g. 

The molecular-weight distribution [ M w/ M n) of the olefinic random copolymer of this invention, 
measured by gel permeation chromatography (GPC), is usually not more than 4, preferably not more than 
3.5, especially preferably not more than 3. 

rs The olefinic random copolymer of this invention can be produced by polymerizing an alpha-olefin 
having 3 to 20 carbon atoms and the cyclic polyene and as required, a predetermined amount of the cyclo- 
olefin in the presence of a catalyst formed from 

(A) a zirconium compound having as a ligand at least two indenyl or substituted indenyl groups or 
partially hydrogenated groups thereof being bonded via an alkytene group such as an ethylene group, and 

20 (B) an aluminoxane. • . 

Examples of the zirconium compound and the aluminoxane may be the same as given hereinabove with 
regard to the production of the cydo-olefnic random copolymer. 

The catalyst ingredient (A) or catalyst ingredients (A) and (B) may be used as supported on a carrier. 
Examples of the carrier are inorganic compounds such as silica and alumina and organic polymeric 

25 compounds such as polyethylene and polypropylene. 

It has been found in accordance with this invention that by copolymerizing the C,-C M alpha-olefin and 
the cyclic polyene and optionally the cyclo-olefin in specific proportions using the above catalyst system, a 
copolymer having properties not hitherto proposed can be obtained. This copolymerization may be earned 
out in a liquid phase or in a vapor phase, preferably in the liquid phase. Copolymerization in the liquid 

30 phase is usually carried out in a hydrocarbon medium. Examples of the hydrocarbon medium are aliphatic 
hydrocarbons such as butane, Isobutane, pentane, hexane, octane, decane, dodecane, hexadecane and 
octadecane, alicyefic hydrocarbons such as cyclopentane, methylcyclopentane, cyclohexane and cyclooc- 
tane, aromatic hydrocarbons such as benzene, toluene and xylene, and petroleum fractions such as 
gasoline, kerosene and light oil. The starting olefin may also be used as the hydrocarbon medium. The 

35 aromatic hydrocarbons are especially preferred as the hydrocarbon medium. 

The temperature in the polymerization reaction in the process of this invention is usually -50 to 230 °C, 
preferably -30 to 200 e C. , 

The proportion of the zirconium compound used in carrying out the process of this invention in the 
liquid phase is usually 10 _I to 10~ 2 gram-atom/t, preferably 10~' to 10~3 gram-atom/I, as the concentra- 

40 tion of the zirconium atom in the polymerization reaction system. The proportion of the aluminoxane is 
usually 10~ 4 to 10~ gram-atom/i, preferably 10~3 to 5 x 10 z gram-atom/1, as the concentration of the 
aluminum atom in the polymerization reaction system. The ratio of the aluminum atom to the transition 
metal atom in the polymerization system is usually from 4 to 10 7 , preferably from -10 to 10'. The molecular 
weight of the copolymer can be adjusted by using hydrogen, and/or adjusting the polymerization tempera- 

46 ture. 

The cyclo-olefinic random copolymer and the olefinic random copolymer provided by this Invention 
have excellent transparency, thermal stability, heat aging resistance, chemical resistance, solvent resis- 
tance, dielectric properties and mechanical properties and a narrow molecular weight distribution and a 
narrow composition distribution, and possess excellent homogeneity. Because of their excellent properties, 

so they find a wide variety of applications. For example, those having a low molecular weight can be used as 
synthetic waxes in candles, impregnants for match splints, paper treating agents, sizes, rubber antioxidants, 
water-proofing agents for corrugated boards, agents for retarding the effect of chemical fertilizers, heat 
storing agents, binders for ceramics, paper capacitors, electrical insulators for electrical wires and calbes, 
neutron decelerating agents, textile treating aids, water-repellents for building materials, protective agents 

55 for paint coatings, lusterants, thixotropy-imparting agents, agents for imparting hardening to the cores of 
penciles and crayons, carbon ink bases, electrophotographic toners, lubricants and mold releasing agents 
for molding of synthetic resins, resin coloring agents, hot-melt adhesives and lubricating greases. Those 
having a high molecular-weight are useful in optical applications as optical lenses, optical discs, optical 
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fibers and windowpanes, electrical applications as water tanks for electrical irons, electric ovens, base plates 
for liquid crystal display, printed circuit boards, high-frequency circuit boards, and transparent conductive 
sheets or films, medical applications as injecting syringes, pipettes and animal gages, chemical applications 
or in other fields as housings of various measuring instruments, camera bodies, films, and helmets. 

Those containing not more than about 20 mole% of recurring units from the cyclo-olefin component 
may be used in fields where their shape memorizing property is utilized, such as vibration controlling 
materials or tubes. Specifically, they may be used as joints of irregularly-shaped pipes, laminating materials 
for the inside and outside parts of pipes and rods, clamping pins for optfcai fiber connectors, plaster 
bandages, containers, automobile bumpers, various space blocking materials, and vibration control materials 
(soundproof materials) or medical tubes in the form of laminates with metallic surface materials. 

The novel olefinic random copolymer of this invention can be easily cured or modified since it contains 
a carbon-carbon unsaturated bond in its side chain. 

In the field of producing cyclo-olefin ic copolymers, It has been strongly desired to develop a process 
which can produce cyclo-olefinic copolymers having a narrow molecufar weight distribution efficiently with a 
high copoiymerizing efficiency of cyclo-olefins and excellent polymerization activity. The present inventors 
recognized that the prior art in the field of producing cyclo^lefflic copolymers was as stated above, and 
worked on a process which can produce a cyclo-olefinic copolymer having a narrow molecular weight 
distribution with a high copolymerization efficiency of the cyclo-olefin and excellent polymerization activity. 
This work has now led to the discovery that the aforesaid object can be achieved by copoiymerizing an 
alpha-olefin and a cyclo-olefin In the presence of a catalyst composed of a compound of a transition metal 
of Group IVB of the periodic table having a specific coordination compound as a ligand and an 



Thus, according to still another aspect of this invention there is provided a process for producing a 
cyclo-olefinic random copolymer, which comprises copoiymerizing an alpha-olfin and a cyclo-olefin in the 
presence of a catalyst formed from 

(A) a compound of a transition metal of Group IVB of the periodic table having as a ligand a 
multidendate coordination compound in which at least two conjugated cycloalkadienyi groups or substituted 
products thereof are bonded via a lower alkyiene group, and 

(B) an aluminoxane. 

The catalyst used in the process of this invention is formed from (A) a compound of a transition metal 
of Group IVB of the periodic table and <B) an aluminoxane. 

The transition metal compound (A) used as a catalyst ingredient In the process of this invention Is a 
compound of a transition metal of Group IVB of the periodic table which has as a ligand a multidentate 
coordination compound in which at least two conjugated cycloalkadienyi groups or substituted groups 
thereof are bonded via a lower alkyiene group. The compound of the transition metal of Group rVB of the 
periodic table are selected from titanium, zirconium and hafnium compounds. Titanium and zirconium are 
preferred as the transition metal in the catalyst ingredient (A), zirconium being ©specially preferred. 

For example, the Group IVB transition metaJ compound (A) is represented by the following general 
formula [IX] 



wherein R e represents a lower alkyiene group, and R 1 and R* represent a conjugated cycloalkadienyi group 
or a substituted group thereof, R* and R' represent a cycloalkadienyi group, an aryl group, an alkyl group, 
an aralkyl group, a cycloalkyl group, a halogen atom, a hydrogen atom, OR", SR b , NR§ , or P d , R«, R b 
R c and Represents a hydrocarbon group such as an alkyl, cycloalkyl, aryl or aralkyl group, or a silyi 
group, and the R°groups and R d groups may be linked to form a ring. 

The lower aJkylene group may be, for example, a methylene, ethylene, propylene or butylene group. 
Examples of the conjugated cycloalkadienyi group include a cyclopentadienyl group, a methylcyciopen- 
tadienyl group, an ethylcyclopentadienyl group, a dimethylcyclopentadienyl group, an indenyl group, a 
tetrahydroindenyl group, and a fluorenyi group. Examples of the alkyl group are methyl, ethyl, propyl, 
isopropyl, butyl, hexyf, octyl, 2-ethylhexyl, decyl and oieyl groups. The aryl group may be, for example, a 
phenyl or tolyl group. The aralkyl groups may be, for example, a benzyl or neophyl group. Examples of the 
cycloalkyl group include cyclopentyl, cyclohexyi, cyclooctyi. norbornyl and bicyclononyl groups and alkyl- 



aluminoxane. 



F 




fix] 
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substituted groups thereof. The hydrocarbon group may also include unsaturated aliphatic groups such as 
vinyl, aliyl, propenyi. isopropeny! and 1-butenyl groups, and unsaturated alicyclic groups such as a 
cyclohexenyl group. The halogen atom may be for example fluorine, chlorine or bromine. 

The zirconium compounds include, for example, the indenyl-type zirconium compounds exemplified 
hereinabove, and the following compounds. 

Ethylenebis(cyclopentadienyl)zirconium monochloride monohydride, 

ethyienebis(cyclopentadienyl)zirconium dichloride, 

ethylene bis(cyclopentadtenyl)methylzirconi urn monochloride. 

ethy!enebis(cyclopentadienyl)dimethylzircon!um, 

ethylenebis(cyclopentadienyl)diphenylztrconium r 

methy!enebis(cyciopentadienyi)zirconium dichioride, 

methylenebis(cyclopentadienyl)dimethylzirconium, 

propylenebis(cyclopentadienyl)zirconium dichloride, 
' ethylenebls(fluorenyl)zirconium dichloride, 

ethylenebis(fluorenyl)dimethylzirconium, 

ethylenebis(fluorenyl)dipheny!zirconium. 

methyienebis(fIuorenyl)zirconium dichioride, 

methylenebis(fluorenyl)dimethylzirconium, and 

propylenebis{fluorenyl)zirconlum dichioride. 
Examples of the titanium compounds include 

ethylenebis(indenyl)titanium dichioride, 

ethyienebis(4,5,6,7-tetrahydro-1-indeny!)-titanium dichloride, 

ethylenebis(cyclopentadienyi)titanium dichloride, 

methyienebis(cyclopentadienyl)tltanium dichioride, 

propylenebis(cyclopentadienyl)titanium dichloride, 

methylenebis(indenyl)tjtanium dichioride, 

methylenebis(4,5,6,7-tetrahydro-1-indenyiHitanium dichloride, 

propylenebis(indenyl)titanium dichloride, 

ethylenebis(fiuorenyl)titanium dichloride, and 

propylenebis(fluorenyl)titanium dichloride. 

Examples of the hafnium compounds Include the following compounds. 

Ethylenebis(cyclopentadienyl)hafnium dichloride, 
methylenebts(cyclopentadienyl)hafnium dichioride, 
propyienebis(cyciopentadienyi)hafnium dichioride, 
memyienebis(ind9nyi)hafnium dichloride, 
methy lenebis<4,5,6,7-tetrahydro-1 -indenyt)-hafnium dichioride, 
propyienebis(indenyl)hafnium dichloride, 
ethylenebis(indenyl)hafnium dichloride, and 
ethylenebis{4,5.6,7-tetrahydro-1-indenyl)hafnium dichloride. 

The aluminoxane used as the catalyst ingredient (B) may be, for example, the organoaluminum 
compounds of general formulae [VII] and [VII!] which are exemplified hereinabove. 

The catalyst ingredient (A) or the catalyst ingredients (A) and (B) may be used as supported on a 
carrier. The carrier may be, for example, an inorganic compound such as silica or alumina, or an organic 
polymeric compound such as polyethylene or polypropylene. 

Specific examples of C,-C M alpha-olefins which are used in the polymerization reaction in accordance 
with the process of this invention include, ethylene, propylene, 1-butene, 1-hexene, 4-methyM-pentene, 1- 
octene, 1-decene, 1-octadec'ene and 1-eicosene. 

Specific examples of the cyclo-olefin to be supplied to the polymerization reaction in accordance with 
the process of this invention include cyclic monoenes, for example monocycloalkenes such as 
cyclopropene, cyclobutene, cyclopentene, cyclohexene, 3-methylcyclohexene, cycloheptene, cyclooctene, 
cyclodecene, cyclododecene, tetracyclodecene, octacyciodecene and cycloeicosene, bicycloalkenes such 
as norbornene, 5-methyl-2-norbornene, 5-ethyl-2-norbornene, 5-isobutyl-2-norbornene, 5,6-dimethyl-2-no- 
rbornene, and 5.5,6-trtmethyI-2-norbornene, tricycloalkenes such as 2,3,3a,7a-tetrahydro-4,7-methano 1H- 
indene and Sa.S.eja-tetrahydro^J-methano-IH-indene, tetracycloalkenes such as 1 ,4,5,8-dimethano- 
1 ,2,3,4,4a,5,8,8a-octahydronaphthalene, 2-methyl-1 ,4,5,8-dimethano-t ,2,3,4,4a,5.8,8a-octahydronaphthalene, 
2-ethyl-1 ,4.5,8-dimethano-1 ,2.3,4,4a,5,8,8a-octahydronaphthalene, 2-propyM ,4,5,8-dimethano- 

1 ,2.3,4,4a,5,8,8a-octahydronaphthalene, 2*hexyM ,4,5,8-dimethano-1 ,2,3,4,4a,5,8,8a-octahydronaphthalene, 
2-stearyM ,4,5,8-dimethano-1 ,2,3,4,4a,5,8,8a-octahydronaphthalene, 2,3-dimethyi-1 ,4,5,8«dimethano- 
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1 ,2,3,4,4a.5,8.8a-octahydronaphthaiene, 2-methyl-3-ethyl-1 ,4,5,8-dimethano-l ,2,3,4,4a f 5,8,8a-octahydronaph- 
thalene, 2-chloro-1 ,4,5,8-dimethano-1 ,2,3,4,4a,5,8,8a-octahydronaphthaiene, • 2-bromo-1 ,4,5,8-dimethano- 
1 1 2,3,4,4a,5,8,8a-otf ahydronaphthalene, 2-fluoro-1 ,4,5,8-dimethano-1 ,2,3.4,4a, 5 ,8.8a-octahydronaphthalene, 
and 2,3-dichloro-1 ,4,5,8-dimethano-l ^.S.Ma.S.S.Sa-octahydronaphthalene; polycycloalkenes such as 

s hexacycio[6,6,1,l 3 'M l8 ' ,3 ,0 2 ' 7 ,0 , ' 1 *3heptad6cene-4, pentacyclo[8,8,t 2 'M*'M 1, ' t, l O.O^.O^^jheneicosene-S, 
otacyc^oI8 ( 8,1 2 '^ 1 , 'M ,1 ' 1 M 13 ' ,, ,0.0 3 ' , ,0 12 ' 1 ']d8cocene-5; and cyclic polyenes such as dicyciopentadiene, 5- 
methylene-2-norbomene, 5-ethylidene«2-norbornene, 1 ,5-cyclooctadiene. 5.8-endomethyienehex- 
ahydronaphthalene and alkylildenetetrahydroindenes. 

In the process of this invention, a mixture of the alpha-olefin and the cyclo-olefin is fed into the 

to polymerization reaction system as a starting material. The content of the alpha-olefin in the mixture is 
usually 1 to 90 mole%, preferably 2 to 80 mole%, and the content of the cyclo-olefin Is usually 10 to 99 
moie%, preferably 20 to 98 mole%. 

In the process of this invention, the polymerization is usually carried out in a hydrocarbon medium. 
Examples of the hydrocarbon medium are aliphatic hydrocarbons such as butane, isobutane, pentane, 

15 hexane, octane, decane, dodecane, hexadecane and octadecane, altcyclic hydrocarbons such as cyclopen- 
tane, methyicyclo pentane, cyclohexane and cyclooctane, aromatic hydrocarbons such as benzene, toluene 
and xylene, and petroleum fractions such as gasoline, kerosene and light oil. The starting olefin may also 
be used as the hydrocarbon medium. The aromatic hydrocarbons are especially preferred as the hydrocar- 
bon medium. 

20 In the process of this invention, a liquid phase polymerization method such as suspension polymeriza- 
tion and solution polymerization and a vapor-phase polymerization method are usually employed. The 
temperature in the polymerization reaction is usually -50 to 230 °C, preferably -30 to 200 °C. 

The proportion of the transition_metal compound used in carrying out the process of this Invention in the 
liquid phase is usually 10~* to 10~ 2 gram-atom/t, preferably 10~ 7 to 10~ 3 gram-atom/£, as the concentra- 

25 tion of the transition metal atom in the polymerization reaction system. The poportion of the aiuminoxane is 
usually 10~* to 10~ gram-atom/t, preferably 10 3 to 5 x 10*" 2 gram-atom/t, as the concentration of the 
aluminum atom in the polymerization reaction system. The ratio of thp aluminum atom to the transition 
metai atom in the polymerization system is usually from 4 to 10 r , preferably from 10 to 10*. The molecular 
weight of the copolymer can be adjusted by using hydrogen, and/or adjusting the polymerization tempera- 

30 ture. 

In the process of this invention, a cyclo-olefinic copolymer is obtained by working up the polymerization 
reaction mixture after the polymerization reaction by conventional methods. The resulting cyclo-olefinic 
copolymer is usually composed of 20 to 99.9 mole%, preferably 30 to 99.5 mole%. of the alpha-olefin 
component and 0.1 to 90 mole%, preferably 0.5 to 70 mole%, of the cyclo-olefin component. The intrinsic 
35 viscosity fo], measured in decalin at 135 °C, of the cycio-oleflnc copolymer is usually O.005 to 20 dl/g, 
preferably 0.01 to 10 dl/g. Its molecular weight distribution measured by gel permeation chromatography is 
usually not more than 3, preferably not more than 2.5. 

The process of this invention can produce a cyclo-olefinic random copolymer having a narrow 
molecular weight distribution with excellent polymerization activity. 
40 The following examples specifically illustrate the cyclo-olefinic random copolymer and the olefinic 
random copolymer of this invention. 

The properties of the copolymers obtained in the following examples were measured by the following 
methods. 

46 

Copolymer composition (mole%) 

The content of units derived from the cyclo-olefin component in the copolymer was measured by 13 C- 
NMR {200 megaherz). 

50 

intrinsic viscosity fol 



Measured by an Ubbelohde viscometer at 135 °C. 
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Molecular weight distribution (Mw/Mn) 
Measured by the <3PC method. 

5 

Glass transition temperature (TG) 

Measured by a dynamic mechanical analyzer {DMA) (made by E. I du Pont de Nemours & Co.). 

10 

EXAMPLE 1 

Preparation of ethylenebis(indenyl)zirconium dichloride 

T5 Tetrahydrofuran (60 ml) was fed into a 200 mi fully nitrogen-purged glass flask, and then cooled to -78 
°C. Zirconium tetrachloride (4.9 g) was introduced into the flask. The mixture was gradually heated to 60 °C 
and stirred for 1 hour at this temperature to form a solution. Subsequently, a solution of 21 miilimoies of bis- 
(indenyt)ethane lithium salt in 50 ml of tetrahydrofuran was added, and the mixture was stirred at 60 °C for 
t hour. The mixture was further stirred for 12 hours at 25 °C. Under reduced pressure, tetrahydrofuran was 

20 removed to form a solid. The solid was washed with methanol, and dried under reduced pressure to give 
2.1 g of ethylenebis(indenyi)zirconium dichloride. 



Preparation of an aluminoxane 

25 

A1,(SO0j-14HjO (37 g) and 125 mi of toluene were introduced into a 400 ml fully nitrogen-purged flask, 
and cooled to 0 °C. Trimethyl aluminum (500 miilimoies) diluted with 125 ml of toluene was added 
dropwise. The mixture was heated to 40 °C, and treated at this temperature for 10 hours. After the reaction, 
the reaction mixture was filtered. By removing toluene from the filtrate, 13 g of aluminoxane as a white solid 
30 was obtained. The aluminoxane had a molecular weight of 930 when it was determined by freezing point 
depression in benzene. The m value of the aluminoxane in the catalyst ingredient (B) was 14. For 
polymerization, the aluminoxane was used as a solution in toluene. 



35 Polymerization 

A 1000 ml fully nitrogen-purged glass autoclave was charged with 500 ml of purified toluene and 15 g 
of tetracyclododecene, and propylene gas was passed through it at a rate of 60 liters/hr. The flask was 
maintained at 20 °C for 10 minutes. Subsequently, 5 mg-atom as the aluminum atom of the aluminoxne and 

40 0.5 x 10"" 2 mg-atom, as the zirconium atom, of ethylenebis{indenyi)zirconium dichloride in toluene were 
introduced into the autoclave, and the polymerization was started. The polymerization was carried out at 20 
°C for 2 hours under atmospheric pressure, and then stopped by adding isopropanol. The polymerization 
proceeded in a homogeneous solution, and after the 2-hour polymerization, absorption of -propylene was 
observed. The polymer solution was added to a large amount of a mixture of methanol and acetone to 

45 precipitate the polymer. The polymer was dried overnight under reduced pressure at 120 °C. After drying, 
the amount of the copolymer yielded was 6.1 g. The activity per unit amount of zirconium was 60 g of 
polymer/mg Zr atom-hr. The resulting copolymer contained 75 mole% of propylene, and had an intrinsic 
viscosity fo] of 0.09 dl/g, a molecular weight distribution of 1.48, and a glass transition temperature of 78 
a C. 
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EXAMPLES 2-9 



Example 1 was repeated except that the copolymerization conditions indicated in Table 3 were 
employed. The properties of the resulting polymers are also shown in Table 3. 



| Properties of the polymer ~| 
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EXAMPLE 10 



Polymerization 



A 1000 ml fuily nitrogen-purged glass autoclave was charged with 500 ml of purified toluene and 15 g 
of 5-ethylidene«2-nort>ornene, and propylene gas was passed through it at a rate of 60 liters/hr. The flask 
was maintained at 20 °C for 10 minutes. Subsequently, 5 mg-atom as the aluminum atom of the 
alumtnoxane and 0.5 x 10~* mg-atom, as the zirconium atom, of ethylenebis(indenyl)zirconium dicfiloride 
dissolved in toluene were introduced into the autoclave, and the polymerization was started. The poly- 
merization was carried out at 20 "C for 4 hours under atmospheric pressure, and then stopped by adding 
isopropanol. The polymerization proceeded in a homogeneous solution, and after the 4-hour polymerization, 
absorption of propylene was observed. The polymer solution was added to a large amount of a mixture of 
.methanol and acetone to precipitate the polymer. The polymer was dried overnight under reduced pressure 
at 120 °C. After drying, the amount of the copolymer yielded was 2.2 g. The resulting copolymer contained 
66 mole% of propylene, and had an intrinsic viscosity fo] 0.16 dl/g, and a molecular weight distribution of 
1.41. 



20 



EXAMPLES 11-17 

Example 10 was repeated except that the copolymerization conditions indicated in Table 4 were 
employed. The properties of the resulting polymers are also shown in Table 4. 
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EXAMPLE 18 

5 

Polymerization r 

A 1 000 ml fully nitrogen-purged glass autoclave was charged with 250 ml of purified toluene and 7.5 g 
of tetracyciododecene, and ethylene gas was passed through it at a rate of 60 iiters/hr. The flask was * 

io maintained at 20 °C for 10 minutes. Subsequently, 2.5 mg-atom as the aluminum atom of the aluminoxane 
and 2.5 x 10~ 2 mg-atom, as the zirconium atom, of ethylenebis(indenyl)zircqnium dichloride in toluene were 
introduced into the autoclave, and the polymerization was started. The polymerization was carried out at 20 
°C for 30 minutes under atmospheric pressure, and then stopped by adding isopropanol. The polymeriza- 
tion proceeded in a homogeneous solution, and after the 30-minute polymerization, absorption of ethylene 

is was observed. The polymer solution was added to a large amount of a mixture of methanol and acetone to 
precipitate the polymer. The polymer was dried overnight under reduced pressure at 120 °C. After drying, 
the amount of the copolymer yielded was 16.6 g. The activity per unit amount of zirconium was 1,300 g of 
poiymer/mg Zr atom-hr. The resulting copolymer contained 90 mole% of ethylene, and had an intrinsic 
viscosity fo] of 2.35 dl/g and a molecular weight distribution of 2.03. 

20 

EXAMPLE 19 

Example 18 was repeated except that 7.5 g of 2-methyl-1,4,5,8-dimethano«1 l 2,3,4,4a,5,8,8a-oc- 
25 tahydronaphthalene was used instead of the tetracyciododecene. There was obtained 15.1 g of a copolymer 
having an ethylene content of 92 mole%, a molecular weight distribution of 2.20 and an intrinsic viscosity of 
2.43 dl/g. The activity per unit amount of zirconium was 1 ,200 g of poiymer/mg Zr atom-hr. 



30 EXAMPLE 20 

Example 18 was repeated except that 7.5 g of 2,3-dimethyl-1 ,4,5,8-dimethano-1 ,2,3,4,4a,5,8,8a-octa 
hydronaphthalene was used instead of the tetracyciododecene. There was obtained 13.7 g of a copolymer 
having an ethylene content of 93 mole%, a molecular weight distribution of 2.15 and an intrinsic viscosity 
35 [ij] of 2.46 dl/g. The activity per unit amount of zirconium was 1.100 g of poiymer/mg Zr atom-hr. 



EXAMPLE 21 

40 Example 18 was repeated except that 3.5 g of 5-methyl-2-norbomene was used instead of the 
tetracyciododecene. There was obtained 9.4 g of a copolymer having an ethylene content of 82.3 mole%, a 
molecular weight distribution of 2.07 and an intrinsic viscosity fa] of 2.86 dl/g. The activity per unit amount 
of zirconium was 750 g of pofymer/mg Zr atom-hr. 

45 

EXAMPLE 22 

Example 18 was repeated except that 7.5 g of 5-methyl-2«norbomene was used instead of the ' 
tetracyciododecene. There was obtained 15.6 g of a copolymer having an ethylene content of 74.8 mole%, 
so a molecular weight distribution of 2.11 and an intrinsic viscosity fa] of 2.18 dl/g. The activity per unit amount * 
of zirconium was 630 g of polymer/mg Zr atom-hr. 
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EXAMPLE 23 

Example 18 was repeated except that 7.5 g of norbomene was used instead of the tetracyclododecene. 
There was obtained 8.1 g of a copolymer having an ethylene content of 74 mole%, a molecular weight 
distribution of 2.32 and an intrinsic viscosity fo] of 2.15 dl/g. The activity per unit amount of zirconium was 
350 g of poiymer/mg Zr atom -nr. 



EXAMPLE 24 

Example 18 was repeated except that 7.5 g of 5-ethylidene-2-norbomene was used instead of the 
tetracyclododecene. There was obtained 7.1 g of a copolymer having an ethylene content of 76.5 mole %, 
a molecular weight distribution of 2.14 and an intrinsic viscosity foj of 2.21 d^g. The activity per unit amount 
of zirconium was 570 g of polymer/mg-Zr atonvhr. 



EXAMPLE 25 

A 1000 ml fully nitrogen-purged glass autoclave was charged with 500 mi of purified toluene and 15 g 
of tetracyclododecene, and propylene gas was passed through it at a rate of 60 liters/hr. The flask was 
maintained at 20 «C for 10 minutes. Subsequently, 5 mg-atom as the aluminum atom of the aluminoxane 
and 0.5 x 10 z mg-atom. as the zirconium atom, of ethylenebis(indenyl)zirconium dichloride In toluene were 
introduced into the autoclave, and the polymerization was started. The polymerization was carried out at 20 
°C for 2 hours under atmospheric pressure, and then stopped by adding isopropanol. The polymerization 
proceeded in a homogeneous solution, and after the 2-hour polymerization, absorption of propylene was 
observed. The poiymer solution was added to a large amount of a mixture of methanol and acetone to 
precipitate the polymer. The polymer was dried overnight under reduced pressure at 120 •C. After drying, 
the amount of the copolymer yielded was 6.1 g. The activity per unit amount of zirconium was 60 g of 
poiymer/mg Zr atom-hr. The resulting copolymer contained 75 mole% of propylene, and had an intrinsic 
viscosity fo] of 0.09 dl/g and a molecular weight distribution of 1.48. 



EXAMPLE 26 

Example 25 was repeated except that the amount of purified toluene was changed to 250 ml, 15 g of 5- 
methyl-1-pentene was used instead of the tetracyododecene and 250 ml of 4-methyl-1-pentene was used 
instead of propylene, and the polymerization was carried out at 20 °C for 3 hours. There was obtained 0.6 g 
of a copolymer having a 4-methyl-1-pentene content of 97 moie%, an intrinsic viscosity [,] of 0.13 dl/q and 
a molecular weight distribution of 1 .30. 



Claims 

1. A cyclo-olefinic random copolymer derived from an alpha-olefin component having 3 to 20 carbon 
atoms and a cyclo-olefin component, 

(f) said copolymer containing 5 to 99 mole% of recurring units derived from said alpha-olefin 
component and 95 to 1 mole% of recurring units derived from said cyclo-olefin component, and 

(ii) said copolymer having an intrinsic viscosity fo], measured in decalin 135° C, of from 0.01 to 10 

dl/g. 

2. A copolymer according to claim 1 which contains 15 to 95 rno!e% of units derived from said alpha- 
olefin component and 85 to 15 moie% of units derived from said cycfo-olefin component. 

3. A copolymer according to claim 1 which contains 30 to 90 mole% of units derived frpm said alpha- 
olefin component and 70 to 10 mole% of units derived from said" cyclo-olefin component. 

4. A copolymer according to claim 1, 2 or 3 which has an intrinsic viscosity [,], measured in decalin at 
135" C, of 0.05 to 7 dl/g. 

5. A copolymer according to claim 4 which has an intrinsic viscosity foj, measured in decalin at 135° C, 
of 0.5 to 5 dl/g. 
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6. A copolymer according to any one of claims 1 to 5 wherein the alpha-olefin component is propylene 
or 4-methyl-l-pentene, and the cyclo-olefin component is tetracyclododecene, 2-methyl-1 ,4,5,8-dimethano- 
1 ,2,3,4,4a, 5,8,8a-octahydronaphthalene, norbornene or 5-methyl-2-norbornene. 

7. An olefinic random copolymer derived from (A) an olefin component having 3 to 20 carbon atoms. 
5 (B) a cyclic polyene component, and optionally (c) a cyclo-olefin component, 

(i) said copolymer containing 5 to 99 mole% of recurring units derived from said alpha-olefin 
component (A) and 95 to 1 mole% of recurring units derived from said cyclic polyene component (B) and 0 
to 90 mole% of recurring units derived from said cyclo-olefin component (C), and 

(ii) said copolymer having an intrinsic viscosity foj, measured in decalin at 135° C, of from 0.01 to 10 

10 dl/g. 

8. A copolymer according to claim 7 which contains 15 to 95 mo!e% of units derived from the alpha- 
olefin component, 85 to 5 mole% of units derived from the cyclic polyene component, and 2 to 80 moie% 
of the cyclo-olefin component 

9. A copolymer according to claim 7 which contains 30 to 90 mole% of units derived from the alpha- 
75 olefin component (A), 70 to 10 mole% of units derived from the cyclic polyene component, and 5 to 70 

mole% of the cyclo-olefin component. 

10. A copolymer according to claim 7, 8 or 9 which has an intrinsic viscosity fo], measured in decalin at 
135° C, of 0.05 to 7 dl/g. 

11. A copolymer according to claim 10 which has an intrinsic viscosity [*?3, measured in decalin at 135° 
20 C, of 0.5 to 5 d!/g. 

12. A copolymer according to any one of claims 7 to 11 wherein the alpha-olefin component (A) is 
propylene, the cyclic polyene component (B) is 5-ethyfidene-2-norbornene or 5-vinyl«2-norbornene, and the 
cyclo-olefin component (C) is tetracyclodecene or norbornene. 

13. A process for producing a cyclo-olefinic random copolymer, which comprises copolymerizing an 
25 alpha-olefin and a cyclo-olefin in the presence of a catalyst formed from 

(A) a compound of a transition metal of Group IVB of the periodic table having as a ligand a multi- 
dentate coordination compound in which at least two conjugated cycioalkadienyl groups or substituted 
products thereof are bonded via a lower alkylene group, and 

(B) an aluminoxane. 

30 14. A process according to claim 13 wherein the transition metal compound is a zirconium compound 
containing as a ligand at least two Indenyl groups or substituted indenyl groups or partially hydrogenated 
groups thereof which are bonded via an alkylene group. 

15. A process according to claim 14 wherein the transition metal compound is ethylenebis(indenyl)- 
zirconium dichloride. 

35 16. A process according to claim 13, 14 or 15 wherein the aluminoxane is represented by the general 
formula 



R 2 Al-tO-Al-^-0-AlR 2 tVII 3 

A 

L*A1(R) -OJ-^ £ Villi 

wherein R represents a hydrocarbon group, and m represents an integer of at least 2. 

17. A process according to claim 16 wherein R is a methyl, ethyl or isobutyl group, and m is an integer 
of at least 5. 

18. A process according to claim 16 wherein R is a methyl group and m is an integer of 5 to 50. 

19. A process according to any one of claims 13 to 18 wherein the alpha-olefin is selected from 
ethylene, propylene and 4-methy!-1-pentene, and the cyclo-olefin is selected from tetracyclododecene. '2- 
methyl-1,4,5,8-dtmethano-1 ,2,3,4,4a,5 f 8,8a-octahydronaphthalene,2 l 3-dimethyl-1,4,5,8-dtmethano- 
l.2,3,4.4a,5,8, 8a«octahydronaphtha!ene, 5-methyl-2-norbornene, norbornene and 5-ethylldene-2-norbornene. 
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